Day-old Amberlink pullets were fed chicken starter mash for the first seven weeks of age. Group A was choice-fed with pelleted protein concentrate, whole yellow maize and limestone powder from seven to 16 weeks of age. Group B received the same diet as group A, but the protein concentrate was fed in mash form. Group C (control treatment) received a pullet grower diet in mash form. The pullets were placed in individual laying cages from 16-80 weeks of age. The choicefed groups received feedstuffs from three separate troughs (i.e. whole maize, protein concentrate and limestone powder), and group C received a layer diet in mash form. Hens offered the choice-fed diets were heavier (P < 0.05) at 16 weeks and at first egg than hens fed the control diet, even though they ate less food (group A: 66.1 g/d; group B: 66.4 g/d) than the control group (68.2 g/d). During the laying period (16-80 weeks), hens offered the choice-fed diets laid significantly (P < 0.01) heavier eggs, eggs with thicker shells, eggs with darker yolks and had better food conversion ratios than those fed the control diet. No significant differences between treatments were observed for eggs laid per hen, food consumed per day or Haugh unit score. Choice feeding was found to be beneficial for laying hens, and it appeared that early commencement of the regime was necessary for optimum output.
Introduction
and Forbes & Covasa (1995) reviewed the effects of choice feeding on the performance of laying hens. They reported that both growing and laying birds needed a period of learning before becoming proficient in the selection of feedstuffs. The principle underlying choice feeding of poultry is that individual birds reared in a flock are able to select between various feed ingredients according to individual needs and production capacities. This is not possible when a single conventional food is given. Cumming (1992) and Ciszuk et al. (1998) reported that choice feeding (whole grains plus a protein concentrate and calcium) of layers has financial advantages for rural small-scale poultry production. Where the transport cost of feedstuffs is high and diet-mixing machinery is expensive, as in the case of developing countries, it may be more economical to transport only a protein concentrate and add this to locally grown grains such as maize and sorghum. Locally produced ingredients could be utilised far more efficiently if fed in a free choice system than as a complete diet.
Laying hens are normally fed a mash diet. The use of whole grains would not only save the energy cost of grinding and mixing, but is also accompanied by increased efficiency of food utilisation. McIntosh et al. (1962) showed that grinding or pelleting wheat, barley, oats or maize did not result in a consistent increase in metabolizable energy of poultry feeds. Moreover, they found that whole wheat yielded more metabolizable energy than ground or pelleted wheat in two out of three experiments. Emmans (1977) offered hens either a complete layer mash or a choice between the complete diet and ground barley, and found no difference in performance between the two treatments. Karunajeewa (1978) fed laying hens complete mash diets, either barley or wheat based, or a choice between the whole grains and a concentrate mixture. Hens receiving wheat laid better than those fed barley, but the hens receiving a choice laid heavier eggs and consumed 11% less food than those given the complete diets. Mongin & Sauveur (1974) reported that hens increased their calcium intake when ovulation was about to occur during the laying period. Hughes & Wood-Gush (1971) reported that calcium appetite appeared to be a learned response and that the laying hen has the ability to selectively consume calcium to meet maintenance and production requirements.
The object of this experiment was to compare the production characteristics of Amberlink pullets given a complete diet vs. those choice-fed a protein concentrate in either mash or pelleted form in conjunction with whole yellow maize and limestone powder.
Material and methods
One hundred and eight day-old Amberlink pullets were reared under identical conditions and fed pullet starter mash for the first seven weeks of age. The experiment consisted of two phases: a rearing phase from 7-16 weeks (phase 1) and a laying phase from 16-80 weeks (phase 2). Phase 1 consisted of three experimental diets with three replicates of 12 pullets each. In phase 2, each of the three groups consisted of 32 pullets, which were housed, in individual laying cages. In phase 1, birds were housed in nine pens measuring 2 m x 2 m, with wood shavings as litter and one bell-type drinker per pen. Group A was choice-fed with a pelleted protein concentrate, whole yellow maize and limestone powder. Group B received the same as group A except that the protein concentrate was offered in mash form. Groups A and B received their food for the first 3 weeks of phase 1 (7-10 weeks) in the same food trough. Thereafter the food was offered from three separate troughs. Group C was the control treatment and received a mash pullet grower diet from 7-16 weeks (Table 1 ). All diets contained the same energy and protein sources. At 16 weeks of age, the pullets were placed in a naturally ventilated laying house in laying cages measuring 400 mm x 500 mm x 420 mm with one hen per cage. An empty cage was left between each hen so that no cross feeding could take place. The control pullets received laying mash from 16 weeks until the end of the experiment at 80 weeks of age (Table 2) . Groups A and B received food from three separate troughs containing whole yellow maize, protein concentrate (pelleted or mash) and limestone powder. Lighting and vaccination procedures recommended by Amberlink were followed.
Each bird was weighed at 7 weeks, 16 weeks and at first egg. Egg production and egg weight of each hen was recorded daily for sixteen consecutive 28-day periods. The consumption of mash, pellets, maize and limestone for each hen was measured separately on a weekly basis throughout the experiment. An egg from each hen was used for measurement of shell thickness and Haugh unit score once every 28-day period. Yolk colour (El Boushy & Raterink, 1992) was observed using a Roche colour fan from an egg laid by each hen and was recorded during the last 28-day period.
The data were subjected to analysis of variance for a completely randomised design, and means of the treatments were compared by the Bonferroni pairwise comparison method (SAS Institute, 1989) . Due to heterogeneous variances of the parameters in Table 5 , analysis of variance could not be performed on this data, since analysis of variance requires homogeneity of variances and normality of data. The non-parametric Kruskall-Wallis test (Siegel, 1956 ) was used to test for significant differences between the treatments at the 5% significance level. The Kruskall -Wallis procedure assigns ranks to all the values and uses the means of ranks of the treatments to test for differences. 
Results and discussion
During the rearing period (7-16 weeks) the pullets offered the choice-fed diets gained more weight (P < 0.05) than those fed the grower diet (Table 3) . These pullets consumed approximately 7 g maize per day more than the control pullets, but had a lower food intake. This suggests that the pullets given whole maize were able to utilise dietary energy more efficiently than those given ground maize. This substantiates the finding of McIntosh et al. (1962) that whole grains tend to yield more ME than pelleted or ground grains. The pullets fed the choice diets consumed more than twice the amount of limestone than those offered the complete diet (2.7 vs. 1.2 g/d). It is well known that the amount of calcium fed to pullets prior to the onset of laying will influence the efficiency of utilization of calcium during lay. Meyer et al. (1970) reported that extra calcium was needed for medullary bone development and that calcium intake increased slowly prior to the first egg. The increased calcium intake observed by the pullets during the rearing period (7-16 weeks) could have been responsible for the increased weight of the first eggs laid by the choice-fed pullets (P < 0.05), as could the heavier body weights (P < 0.05) of these pullets when the eggs were laid. The pullets fed the complete diet also consumed a greater amount of protein than choice-fed pullets, and thus the cost during rearing would be higher.
The effects of the diets on hen performance (16-18 weeks) are shown in Table 4 . The hens offered a choice did not lay more eggs, nor did they consume more food than those fed a complete mash diet. However, the hens offered the choice-fed diet laid heavier eggs and eggs with thicker shells (P < 0.01) than those fed the complete diet. The heavier egg size of the choice-fed hens accounted for the better (P < 0.01) food conversion ratio obtained by these hens compared to Karunajeewa (1978) also observed that egg yolk colour was increased when hens received whole grain plus concentrate. El Boushy & Raterink (1992) reported that maize contains rich colour pigments which leads to the production of eggs with reasonable yolk colour. However, they reported that the effect on yolk colour of whole grain and concentrate mixtures offered on a free choice basis has not been fully investigated. Quackenbush (1963) found that storage can cause a considerable loss of the carotenoid pigments, whereas Leeson & Summers (1997) reported that natural pigments in cereals tend to decline with prolonged storage, with up to 50% loss reported at elevated temperatures. The maize used in this experiment (diet C) was ground from the same batch of whole maize used in diets A and B. Since the choice-fed hens ate less yellow maize and less protein concentrate, they would have consumed fewer pigments. The reason for the darker yolks in choice-fed hens can possibly be ascribed to a more rapid deterioration of pigments when the maize is ground compared to whole maize. The effects of diet on food consumed in laying hens from 16-80 weeks of age are shown in Table 5 . Means within rows with different superscripts are significantly different (P < 0.05); *Calculated from feed composition shown in Table 2 .
Hens offered the choice-fed diet laid heavier eggs than those fed the mash diet (Table 4) despite the fact that they consumed less energy and protein compared to the hens offered the mash diet (Table 5) . These results are at variance with the finding that increased protein intake results in heavier eggs . However, both Blair et al. (1973) and Karunajeewa (1978) reported heavier eggs from the choice-fed hens that also consumed less energy and protein. In the present study, the choice-fed hens had a greater calcium intake than those fed the mash diet. This, coupled with differences (P < 0.01) in egg shell thickness would indicate that the increased egg mass was due to increased calcium intake. Neither Blair et al. (1973) nor Karunajeewa (1978) measured shell thickness, but they recorded calcium intakes of 3.30 and 3.65 g per hen per day respectively, which were lower than the intakes of 6.38 and 6.24 g/ hen/ d observed for choice-fed hens in this experiment. Classen & Scott (1982) observed that hens with a calcium intake of 4.82 g/d laid heavier eggs than hens that consumed 3.68 g/d (53.5 vs. 51.2 g/egg). Since the increased calcium intake of the choice-fed hens in the present experiment led to thicker shells it is possible that the heavier eggs produced by the choice-fed hens were due to their higher calcium intake. Carter (1971) estimated that egg breakages in the UK represent a financial loss equivalent to R35 million, and Hamilton (1982) estimated the loss in the USA and Canada to be equivalent to R440 million. We have observed that intake of limestone powder was negligible in some cases when Amberlink hens are fed a choice diet at point-of-lay (20 weeks), resulting in many thin-shelled eggs. The results of this study suggest that the incidence of egg breakages may be
